The urinary bladder is innervated and functionally regulated by the autonomic nervous system. In order to elucidate the mechanism of functional changes in aged rat urinary bladder, we studied the influence of senescence on, 1) the α-adrenergic contractile response to phenylephrine in the urinary bladder body and trigone, 2) the muscarinic contractile response to carbachol in the body and trigone. The binding characteristics of [ 3 H]quinuclidinyl benzilate (QNB) to muscarinic cholinoceptors were compared in young and aged bladder. Bladders from young (2 -3 month-old) and aged (27 month-old) male Fischer 344 rats were isolated, cut into strips and mounted in the organ bath, then the developed tension was recorded. Histologically, the aged bladder did not show pathologic changes such as inflammation and hypertrophy. Carbachol-induced contraction in aged rat bladder was identical to that obtained in young rat. In the receptor binding assay, [ 3 H]QNB maximal binding capacity and Kd value were not significantly changed in aged bladder. In contrast, a selective α-adrenergic agonist phenylephrine, elicited greater contractions both in the aged body and trigone than those in young rats. The augmentation of α-adrenoceptor-mediated contractions in aged bladder may induce urinary dysfunction such as voiding difficulty.
INTRODUCTION
It is important to study the mechanism of urinary bladder dysfunctions such as urinary incontinence, pollakisuria (urinary frequency) and residual urine (incomeplete voiding), because these problems increase with aging and affect the quality of life in elderly people [1] . The maximal voiding rate and the contractility of urinary bladder are decreased, and the uninhibited bladder contraction is frequently observed in aged people [2] . However, the mechanism of the age-related changes in urinary bladder function is not yet elucidated in detail.
The urinary bladder consists of two regions: bladder body and bladder base (trigone). The urinary bladder is innervated and functionally regulated by sympathetic and parasympathetic nerves. During the phase of urine storage, adrenergic nerves mainly play a crucial role [3, 4] . Norepinephrine released from adrenergic nerve endings, relaxes bladder body by increasing intracellular cAMP via β-adrenergic receptors widely expressed in the bladder body, and contracts bladder base and proximal urethra via α-adrenergic receptors to prevent premature bladder emptying. The α 1 adrenergic receptor stimulates phosphatidylinositol turnover and increased diacylglycerol activates protein kinase C, while increased inositoltrisphosphate mobilize Ca 2+ to cause smooth muscle contraction. In contrast, cholinergic nerves play primarily in the phase of voiding [3, 4] . Acetylcholine released from cholinergic nerve endings, contracts the smooth muscle of bladder body via activation of muscarinic receptors to cause voiding. The muscarinic receptor-mediated contraction of smooth muscle is induced by activation of protein kinase C and by increased intracellular Ca 2+ . On the other hand, adrenergic activity is inhibited in this phase, leading to relax proximal urethra for voiding.
In order to elucidate the mechanisms of age-related changes in urinary bladder function, we studied the influence of aging on the contractile response to muscarinic and α-adrenergic stimulation, and on the binding characteristics of [ 3 H]quinuclidinyl benzilate ([ 3 H]QNB) to muscarinic cholinoceptors, in addition to histological examination in rat urinary bladder.
We revealed that the muscarinic receptor-mediated response was not affected by aging, while the contractile response to α-adrenergic stimulation was significantly augmented in both bladder body and trigone. 
METHODS

Drugs Used
Measurement of Carbachol-Induced
Contraction, and Phenylephrine-Induced
Contraction in Urinary Bladder
Male young (2 -3 months) and aged (27 months) Fischer 344 rats obtained from Charles River Japan (Atsugi, Japan) were used. Experiments were performed in accordance with the Guide for Care and Use of Laboratory Animals published by the US National Institute of Health (NIH Publication No. 85-23, revised 1996) and under the regulations of the Animal Care Committee of Yamagata University School of Medicine. Rats were killed under anesthesia with ether. Urinary bladder was isolated, and excess fat and connective tissues were re-moved. The urinary bladder was cut to three strips from body and one strip from trigone. Each bladder strip was suspended in organ baths (37˚C ± 0.1˚C) containing 10 ml physiological salt solution. The solution contained 118 mM NaCl, 4.7 mM KCl, 24.9 mM NaHCO 3 , 1.18 mM MgSO 4 , 1.18 mM KH 2 PO 4 , 11.1 mM glucose, 1.8 mM CaCl 2 and 0.057 mM ascorbic acid. High concentration of K + solution was made by substituting NaCl with equimolar KCl. These solutions were saturated with 95% O 2 and 5% CO 2 at 37˚C to pH 7.4. The developed ten-sion was recorded with an isometric force transducer (7T15-240, Orientec, Tokyo, Japan) for measurement of changes in the contractile force. The preparation was stretched to a resting tension of 1.0 g, and the solution was changed every 15 min. After an equilibration period of 1 h, each preparation was contracted with 66.7 mM KCl (high K + ) repeatedly until reproducible contraction was attained. To study the muscarinic receptor-mediated contraction, carbachol (10 -10 -3 × 10 -5 M) was added cumulatively in the presence of both α-adrenergic recaptor antagonist prazosin (10 -7 M) and α-adrenergic recaptor antagonist propranolol (10 -6 M) to obtain the concentration-response curves.
To study the α-adrenergic receptor-mediated contraction, phenylephrine (10 -8 M -3 × 10 -4 M) was added cumulatively in the presence of both α-adrenergic antagonist propranolol (10 -6 M) and muscarinic antagonist atropine (10 -7 M) to obtain the concentration-response curve.
Muscarinic Receptor Assay in Young and Aged Rat Bladder
Urinary bladders were excised from rats and cut into 1 -2 mm pieces, then homogenized in ice-cold buffer (25 mM Tris-HCl, 10 mM MgCl 2 , pH 7.4) by using a Polytron (Kinematica, Luzern, Switzerland) three times for 15 sec at setting 7. The supernatant was filtered through 4 layers of buffer-soaked cheesecloth. The protein concentration of the homogenate obtained was determined by the method of Lowry et al. [5] . The final protein concentration was adjusted to 1 mg/ml with buffer. The binding assay was carried out as follows: [ 
Histological Examination
Urinary bladders were isolated from young and aged rats. Each bladder was divided into body and trigone, and fixed overnight in 10% formaldehyde at 4˚C. Tissues were embedded in paraffin and cut into 4 µm thick crosssections. Microscopic examination of hematoxylin-eosin and elastica-Masson trichrome-stained sections was performed to assess histological changes in bladders.
Statistical Analysis
Data were expressed as means ± SEM. To compare the data, unpaired Student's t-test or Welch's t-test was used. The difference was defined to be statistically significant when a P value was less than 0.05.
RESULTS
The KCl-and Carbachol-Induced Contraction in Aged Bladder Body and Trigone
The maximal bladder contraction was obtained by high concentration (66.7 mM) of KCl in bladder body (young: 3.0 ± 0.3 g, n = 8; aged: 3.1 ± 0.3 g, n = 6) and trigone (young: 2.2 ± 0.3 g, n = 8; aged: 2.6 ± 0.3 g, n = 6). No age-related changes were observed in 66.7 mM KCl-elicited contractions (Figure 1) . Therefore, the concentration-response curves for carbachol in young and aged bladder were depicted as percentage of maximal response to KCl (% KCl max ). Aging did not affect the contractile response to carbachol in either bladder body or trigone. The maximal responses to carbachol were 145.1% ± 17.7% (n = 8) in young and 157.0% ± 13.8% (n = 6) in aged bladder body (Figure 2A) , and 121.2% ± 14.1% (n = 11) in young and 135.0% ± 15.6% (n = 7) in aged bladder trigone ( Figure 2B) . Also, the EC 50 values were not different between young and aged bladder ( Table 1) .
Binding Characterization of Muscarinic Receptor
To confirm the results obtained from physiological experiments of carbachol-induced contraction in isolated bladder, we tested whether the muscarinic receptors were altered in aged rat. The saturation binding experiment was carried out using [ 
The Phenylephrine-Induced Contraction in Aged Bladder Body and Trigone
The concentration-response curves for phenylephrine in young and aged bladder were depicted as percentage of maximal response to KCl (% KCl max ). In contrast to the carbachol-induced contraction, aging increased the contractile response to phenylephrine in bladder body as well as trigone. The maximal responses to phenylephrine in bladder body were 24.2% ± 2.9% (n = 13) in young rat and 36.3% ± 6.0% (n = 8, P < 0.05) in aged rat. In trigone, the maximal responses to phenylephrine were also significantly increased in aged rat (86.3% ± 4.3%, n = 6, P < 0.01) compared with young rat (58.9% ± 6.4%, n = 8) (Figure 4) . The EC 50 values for phenylephrine-induced contraction were not different between young and aged trigone ( Table 2 ). ( Figure 5 ). There were no inflammatory cells infiltrated around vessels in aged bladder. Smooth muscles did not show hypertrophic changes in aged body and trigones. However, a relative thickening in the urothelium was observed in aged trigone compared with young trigone.
DISCUSSION
Aging affects the function of urinary bladder, for example, the maximal voiding rate and the contractility are decreased, and residual bladder volume is increased [2] . Several reports indicated that both alpha-adrenergic receptor and muscarinic receptor existed not only in bladder body but also in trigone [6] [7] [8] . However, there are no confidential results whether α-adrenergic as well as muscarinic receptors play a role in age-related functional changes of urinary bladder.
In this study, we investigated whether the bladder contraction mediated by muscarinic and alpha-adrenergic receptors are differentially altered by aging, and whether bladder body and trigone are affected in a different manner.
Changes in the KCl-Induced Bladder Contraction in Aged Body and Trigone
KCl-induced contraction was compared in young and aged bladders, because KCl depolarized smooth muscle by opening the voltage-dependent Ca 2+ channels and not by receptor-operated mechanism. This study showed that aging did not influence the KCl-induced contraction in both bladder body and trigone. These results indicate that bladder contraction via voltage-dependent Ca 2+ channel was not affected in aged rat. In accordance with the present study, it is reported that KCl-induced isotonic contraction was not altered by aging [7, 9] . 
Muscarinic Receptor-Mediated Bladder Contraction in Body and Trigone
The maximal response and EC 50 values for carbacholinduced contractions were not altered in aged bladder either in bladder body or in trigone. These results suggest that aging did not diminish the contractility of bladder smooth muscle via muscarinic receptor. However, there are several conflicting reports concerning the effect of aging on the muscarinic function in rat bladder. For example, in bladder trigone, Ordway et al. examined the muscarinic agonists (acetylcholine, bethanechol, oxotremorine)-induced contraction in 7, 16 and 27 month-old Fischer 344 rats, and reported that maximal contraction was augmented by aging without change in EC 50 values [7] . In bladder body, other groups reported that muscarinic receptor-mediated maximal response in longitudinal detrussor muscle was diminished in aged Sprague-Dawley rats [10] and Fischer 344 rats [11] . These discrepancies may be due to the difference in the ages and strains of rats used, in the site of bladder, and in the method for evaluating the maximal contraction (with or without normalization by KCl-induced contraction).
There are five subtypes of muscarinic receptors cloned (M1 to M5), and three subtypes (M1, M2, M3) are identified pharmacologically [12] . In human detrusor muscle, M2 receptors existed three times more than M3 receptors according to the immunoprecipitation study [13] . The receptor binding assay also indicated that the percentages of M2 and M3 receptors were 60% -80% and 20% -40%, respectively [14, 15] . Braverman et al. reported that M2 muscarinic receptor contributed to rat urinay bladder contraction [16] . However, the muscarinic subtype responsible for the carbachol-induced contraction in human bladder is thought to be M3 subtype [3] . We got the same results in the young bladder body: the carbachol-induced contraction was inhibited in the presence of p-F-HHSiD (M3 muscarinic receptor antagonist). The response curve for carbachol-induced contraction was shifted to the right in a concentration-dependent manner. Schild plot analysis showed that the slope of the regression line for p-FHHSiD was 0.98, which was not different from unity (data not shown). On the other hand, methoctramine (M2 muscarinic receptor antagonist) inhibited little the carbachol-induced contraction. This observation was carried out only in the young bladder body because muscarinic receptor binding characteristics and the contractile responses were not changed in aged bladder.
Changes in Muscarinic Receptors in Aged Body and Trigone
To support the results of physiological contraction study, receptor binding assay was carried out in the membrane preparation of whole bladder. In accordance with the contraction study, the muscarinic receptor density (B max ) and its affinity (K d ) were not altered in the aged rat. In contrast to our present result, Kolta et al. (1984) reported the age-related increase in muscarinic receptor of 7, 17 and 29 month-old-rats [6] . On the other hand, Hayes et al. (1983) reported no age-related changes in muscarinic receptor of Sprague-Dawley rats [17] . However, these previous reports as well as the present study measured the muscarinic receptor of the whole bladder, so it can not be excluded that aging affects muscarinic receptor density in a region (body or trigone)-specific manner.
Alpha-Adrenergic Receptor Mediated Contraction in Bladder Body and Trigone
In contrast to the unaffected muscarinic receptor-mediated contraction, we have indicated that alpha-adrenergic receptor-mediated contraction was significantly increased not only in the body but also in the trigone of aged rat. In bladder body, previous reports also suggested that alphaadrenergic receptor-mediated contraction was augmented by aging [8, 18] . In the voiding phase, bladder body is contracted via muscarinic receptor stimulation, while bladder base (trigone) is relaxed by inhibition of alphaadrenergic receptor. When the bladder body contracts to flow the urine out, the alpha 1 -adrenergic receptor-mediated hypercontractility of aged bladder trigone may cause dysfunction of voiding, resulting in the increased residual volume and urinary frequency. Two subtypes of alpha-adrenergic receptor are known (alpha 1 and alpha 2 ). In human bladder trigone and urethra, alpha 1 adrenergic receptor is dominant [3] . In this study, phenylephrineinduced contraction of bladder body was inhibited by prazosin (a selective antagonist of alpha 1 -adrenergic receptor), suggesting that alpha 1 -adrenergic receptor exists not only in trigone but also in bladder body. In addition, it is known that among alpha 1 receptor, alpha 1A receptor is involved in contraction of human and rat urethra and prostatic smooth muscle [8, 19, 20] . Based on these reports and our present result indicating the equivalent EC 50 values for alpha-receptor-mediated contractions, it is suggested that age-related increase in contraction of bladder body and trigone may be due to age-related increase in alpha 1 receptor (probably alpha 1A ). Although alpha-adrenergic receptor density in the hyper-reflex human detrusor muscle was shown to be increased [21] , there is no report on the age-related changes in alphaadrenergic receptor density of bladder trigone. Because hyper-reflex bladder increases with aging, it may be possible that alpha-adrenergic receptor density increases in aged bladder. Further studies including alpha 1 receptor assay and identification of subtype of alpha 1 receptor are needed to elucidate the exact mechanism. We could not reveal the mechanism of the increased phenylephrineinduced contractions in bladder trigone as well as bladder body of aged rat, but Dmitrieva et al. reported the greater expression of alpha 1D adrenergic receptors in aged rat, especially in the urothelium [22] . The phenylephrine-induced increase in bladder pressure was reported to be inhibited by BMY7378 (alpha 1D adrenergic receptor antagonist) in old rat compared to young rat.
Histological Changes
Histological examination suggested that there were no inflammatory changes or smooth muscle hypertrophic changes in old male F344 rat. In contrast to the present study, a significant increase in the mean thickness of the muscularis layer and a significant decrease in the collagen density were reported in 30-month-old female Wistar rats [23] . In human bladder, however, aging was associated with a decrease in the area density of smooth muscle: connective tissue ratio [24] . These discrepancies may be due in part to the difference in species, sex and rat strains used in experiments. It would be possible that age-related changes in bladder function is not attributed to histological changes such as increase in smooth muscle.
In conclusion, we revealed the differential changes in the contractile response to alpha-adrenergic stimulation not only in the body, but also in the trigone of aged rat bladder, while muscarinic receptor-mediated response was not affected by aging, in both bladder body and trigone. Further studies of the precise mechanism for facilitation of alpha-adrenergic receptor-mediated contractions may be necessary to investigate urinary dysfunction such as voiding difficulty in the aged urinary bladder. In addition, because various functional receptors such as cholinergic, adrenergic and purinergic receptors are expressed not only in bladder smooth muscle cells but also in the urothelial cells, it is important to reveal the role of these receptors and their age-related changes in the urothelium.
